Background/Aims: As a natural antioxidant, verbascoside (VB) is proved to be a promising method for the treatment of oxidative-stress-related neurodegenerative diseases. Thus, this study aimed to investigate the effects of VB on glioblastoma cell proliferation, apoptosis, migration, and invasion as well as the mechanism involving signal transducer and activator of transcription 3 (STAT3) and Src homology 2 domain-containing protein tyrosine phosphatase 1 (SHP-1). Methods: U87 cells were assigned to different treatments. The MTT assay was used to test cell proliferation, flow cytometry was used to detect cell apoptosis, and a Transwell assay was used for cell migration and invasion. We analyzed the glioblastoma tumor growth in a xenograft mouse model. Western blot analysis was employed to determine the protein expression of related genes. Results: Glioblastoma cells exhibited decreased cell proliferation, migration, invasion, and increased apoptosis when treated with VB or TMZ. Western blot analysis revealed elevated SHP-1 expression and reduced phosphorylated (p)-STAT3 expression in glioblastoma cells treated with VB compared with controls. Correspondingly, in a xenograft mouse model treated with VB, glioblastoma tumor volume and growth were decreased. Glioblastoma xenograft tumors treated with VB showed elevated SHP-1, Bax, cleaved caspase-3, and cleaved PARP expression and reduced p-STAT3, Bcl-2, survivin, MMP-2, and MMP-9 expression. siRNA-SHP-1 inhibited the VB effects on glioblastoma. Conclusion: This study demonstrates that VB inhibits glioblastoma cell proliferation, migration, and invasion while promoting apoptosis via SHP-1 activation and inhibition of STAT3 phosphorylation.
Introduction
Glioblastoma, arising from precursor or glial cells, is one of the most prevalent malignancies in gliomas and accounts for 45.6% of primary malignant brain tumors [1] . It occurs in approximately 16 .1% of the Chinese population [2] . Conventional treatments including temozolomide (TMZ) and radiotherapy as well as intensive treatment (maximal resection of tumor) are usually utilized in clinical practice, and the mean overall survival time is approximately 15 months to 17 months [3, 4] . Glioblastoma as a malignant tumor occurring in the brain usually leads to a poor prognosis, which can be attributed to glioblastoma stem cell resistance to radiochemotherapy. No matter what treatments are adopted, death occurs due to rapid proliferation of the tumor cells [5, 6] . A previous study revealed that glioma cells exposed to chemotherapeutic agents are able to cause a more infiltrative phenotype and enhanced chemoresistance [7] . In addition, TMZ administration adjuvant to radiotherapy might promote the elimination of glioblastoma stem cells and consequently prolong the survival of patients and has been used as first-line treatment for glioblastoma patients [8, 9] . Verbascoside (VB) is a cancer therapeutic for colorectal cancer, glioma, and breast cancer [10] . Herein, TMZ was enrolled in the present study as a comparator with the function of VB.
VB was obtained from Buddleia davidii meristematic cells and was first explored to evaluate the behavior of the active ingredient in solution or in finished preparations, in light of its potential topical use, particularly in skin protection [11] . VB is a component of Cistanche (a medical plant in traditional Chinese medical science) in the form of polyphenols, and it has high antioxidant power, which is inhibitory to cell proliferation and facilitated cell apoptosis in treating colorectal cancer via the homeodomain interacting protein kinase 2-p53 signaling pathway [10, 12] . Inactivation of tumor suppressor phosphatases is known as a critical event in the pathogenesis of brain tumor glioblastoma [13] . Src homology 2 domain-containing protein tyrosine phosphatase 1 (SHP-1), identified as a cytosolic phosphatase, is predominantly expressed in hematopoietic and epithelial cells, serving as a negative regulator of different signaling pathways, including signal transducer and activator of transcription 3 (STAT3) [12] . STAT3 is a member of the transcription factor family, which acts to change the expression of certain genes by transducing various cytokine signals [14] . Deregulation of STAT3 promotes proliferation and invasiveness of human glioblastoma cells [13] . In particular, highly expressed phosphorylated (p)-STAT3 in cancer cell plays an essential role in the progression of cancer via downregulation by SHP-1 [15] . Therefore, in the current study, we tried to explore the underlying molecular mechanism of VB in glioblastoma involving SHP-1 and STAT3.
Materials and Methods

Ethical statement
The study was approved by the Ethics Committee of Affiliated Bayi Brain Hospital, PLA Army General Hospital, Southern Medical University.
Cell culture
Human glioblastoma cell lines U87, A172, T98G, U373, SHG-44 and U251 purchased from the Cell Center at the Basic Medicine Institute of Union Medical College (Beijing, China) were incubated with highglucose Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS) at 37°C under saturated humidity with 5% CO 2 . Cells in the logarithmic growth phase were digested by trypsin before centrifugation. After the supernatant was removed, the cells were resuspended to prepare a cell suspension (5.0 × 10 4 cells/mL). After a 24-h incubation, 198 µL of culture medium was used to replace the original medium and was added into the cell suspension. After VB was dissolved in DMSO, the gradient concentration of the VB mother liquor (clear solution without precipitation) was obtained after dilution by culture medium. In addition, 2 µL of VB mother liquor at different concentrations (0, 10, 20, 40, 60, 80, or 100 μmol/L) was added into each well. A blank group (the group with only culture medium and no cells) and a negative control group, named the DMSO group (cells treated by 2 µL DMSO), were set. The experiment in each group for each concentration was repeated three times. The DMSO group contained 1% v/v DMSO.
Cell grouping U87 and U251 cells in the logarithmic growth phase were seeded into a 24-well plate (5 × 10 4 cells/mL) after digestion with trypsin. When the cell confluence reached 90%, transfection was carried out. Serum-free Opti-MEM was used to dilute small interfering RNA-SHP-1 (si-SHP-1, 5'-TCCCGACAACACAATACCAGATAAATTCAAGAGATTTATCTGGTATTGTGTTGTCTTT-3') and Lipofectamine 2000. The siRNA sequence was designed by Shanghai GenePharma Co., Ltd. (Shanghai, China). Chemical modification was performed at the 3'-end and FAM fluorescence labeling at the 5'-end. The mixture of si-SHP-1 and Lipofectamine 2000 was added into wells. After transfection for 24 h, U87 and U251 cells were observed and photographed using an inverted fluorescence microscope (Olympus, Tokyo, Japan). A U87 cell line with relatively high transfection efficiency was used for the following experiments. Cells were treated with 50 μmol/L of VB after 24-h transfection. Then, cells were grouped into a control, VB, si-SHP-1 + VB, scrambled siRNA + VB, temozolomide (TMZ) (cells treated with 300 μmol/L TMZ), and TMZ + VB groups. The sequence of scrambled siRNA was 5'-TCCCTTCTCCGAACGTGTCACGTTTCAGAGAACGTGACACGTTCGGAGAATT-3'.
MTT assay
After transfection for 24 h, MTT solution (100 μL, 0.5 mg/mL) was added into each well for a 4-h incubation. The culture medium was removed by a fluid transfer gun. Each well was supplemented with 150 μL DMSO and shaken on a shaking table. Thirty minutes later, the optical density (OD) at 490 nm was measured using a microplate reader (Bio-Rad, Hercules, CA, USA). Cell survival rate = (OD experiment -OD blank ) / (OD negative control -OD blank ) × 100%.
Flow cytometry
Cells in the logarithmic growth phase were adjusted to 1 × 10 6 cells/mL. The cell suspension (0.5 mL) was placed in a centrifuge tube, stained with 1.25 μL AnnexinV-FITC (KeyGen Biotech Co., Ltd., Nanjing, Jiangsu, China) at room temperature for 15 min avoiding light, and centrifuged for 5 min at 1000 rpm, followed by the supernatant being discarded. Cells were resuspended with 0.5 mL cold binding buffer. Subsequently, 10 μL propidium iodide (PI) was added. Flow cytometry (BD, Franklin Lakes, NJ, USA) was used to detect the cell apoptosis. Viable cells (Annexin V 
Transwell assay
Tumor cells were placed in the apical chamber, and the FBS chemokine was placed in the basolateral chamber. Tumor cells migrated to the apical chamber with a high nutrient content, and the number of cells entering the basolateral chamber reflected the migration ability of the tumor cells. The cell density was adjusted to 1 × 10 5 cells/100 μL by serum-free culture media. The cell suspension (100 μL) was seeded in the apical chamber of 24-well Transwell chambers (BD, Franklin Lakes, NJ, USA). The basolateral chamber was supplemented with 500 μL of culture medium containing 10% FBS. After incubation under saturated humidity with 5% CO 2 at 37°C for 24 h, cells in the apical chamber were removed using cotton swabs. The chambers were immersed in 4% paraformaldehyde for 15 min, washed with phosphate-buffered saline (PBS), and stained with crystal violet for 30 min. Next, the chambers were washed in purified water and replaced in the 24-well plate. Crystal violet was dissolved in 33% acetic acid, followed by a 100 μL solution being soaked into a 96-well plate. The OD at 570 nm was measured using a microplate reader as the number of migrating cells. Matrigel glue mimicked the extracellular matrix. Tumor cells needed to digest this layer of Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry matrix glue to pass through the membrane and enter the Transwell chamber. The number of cells entering the basolateral chamber reflected the invasive ability of tumor cells. Matrigel (40 μL) was dissolved at 4°C and then added into cold Transwell chambers for a 1-h incubation. Following the procedures for detecting migration, the OD at 570 nm was used to determine the number of invasive cells.
Xenograft tumors in nude mice
A total of 25 female BALB/c nude mice were purchased from Shenzhen Huafukang Bioscience Co., Inc., (Shenzhen, China). A xenograft tumor was generated using a cell-inoculated suspension. U87 cells in the logarithmic growth phase were resuspended to 2.5 × 10 5 cells/L with PBS after digestion by trypsin. The cell suspension (100 μL) was subcutaneously injected into the right back of five nude mice using a 100-μL microinjector. Massive inoculation of a piece of solid tumor tissue was performed. Nude mice with tumors were selected to obtain tumor tissue after anesthesia under sterile conditions, followed by the fatty and necrotic tissues being removed. Tumor tissue was cut into 1 mm 3 . Nude mice were anesthetized and sterilized, an incision was made on the right back, and the tissue block was inoculated using ophthalmic tweezers. The skin was sutured and sterilized. Ten days after inoculation, nude mice were assigned to a model group (daily intraperitoneal injection of PBS), VB group (daily intraperitoneal injection of 80 mg/ kg VB), si-SHP-1 + VB group (daily intraperitoneal injection of 200 μL si-SHP-1 and 80 mg/kg VB), and scrambled siRNA + VB group (daily intraperitoneal injection of 200 μL scrambled siRNA and 80 mg/kg VB), with 5 mice in each group. Injections were performed continuously for 20 days. Mouse weight and tumor volume were calculated every 4 days. The maximum diameter (a) and minimum diameter (b) of tumors in the mice were measured using a Vernier caliper. Tumor volume was calculated using the formula: V (mm
. The mice were sacrificed, and the tumor tissue was collected for western blot analysis.
Western blot analysis
Total protein was extracted from xenograft tumors using RIPA lysate buffer (Beyotime Biotechnology Co., Ltd., Shanghai, China). The Bradford method (Thermo Fisher Scientific, Waltham, MA, USA) was adopted for quantitative analysis of protein. Then, 50 μg of protein was separated by 12% sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto polyvinylidene fluoride (PVDF) membranes. The membranes were blocked with 5% skim milk, shaken for 1 h at 37°C on a shaking table and then incubated overnight at 4°C with SHP-1, STAT3, p-STAT3, cleaved caspase-3, cleaved PARP, Bax, Bcl-2, survivin, MMP-2, MMP-9, or GAPDH rabbit anti-mouse monoclonal antibody (Cell Signaling Technology, Beverly, MA, USA) at 1: 1000 dilution. After washing with PBS Tween 20 (PBST) three times (5 min each), the membranes were incubated with horseradish peroxidase (HRP)-conjugated goat anti-rabbit antibody (1: 4000, Cell Signaling Technology, USA) for 2 h, and then washed with PBST three times (5 min each). Proteins were detected by using luminol reagent and peroxide solution (Millipore, Billerica, MA, USA) at a ratio of 1: 1. Images were acquired for further analysis. The average absorbance ratio of target protein bands to the internal reference (GAPDH) band was considered the relative protein expression. These procedures were also applied to the cell experiment. The experiment was repeated three times.
Statistical analysis
Statistical analysis was conducted using SPSS 21.0 (IBM Corp., Armonk, NY, USA). Data are presented as the mean ± standard deviation. Comparisons between two groups were analyzed using t-tests. Comparisons among multiple groups were assessed using one-way analysis of variance. Numerical data are expressed as a percentage or rate and were analyzed by chi-square tests. A p < 0.05 was considered statistically significant.
Results
VB inhibited U87 and U251 cell proliferation U87, A172, T98G, U373, SHG-44, and U251 cell lines were treated with VB in a gradient of concentrations and time points. As shown in Fig. 1 , VB inhibited U87, A172, T98G, U373, SHG-44, and U251 cell proliferation depending on the time and concentration. In the subsequent experiment, we selected the U87 and U251 cells. When U87 and U251 cell lines were treated with VB for 48 h and the drug concentration was between 40 µmol/L and 60 µmol/L, the survival rate decreased the most (p < 0.05). Hence, the concentration was set 50 μmol/L for the following experiments, and the function time was set 48 h.
A U87 cell line with relatively high transfection efficiency was selected and its proliferation was inhibited after transfection
Glioma cell lines U251 and U87 were transfected in accordance with the experimental method. All siRNAs were labeled with FAM fluorescence. After transfection for 24 h, the transfection efficiency of the cells was observed under a fluorescence inverted microscope and was also tested by RT-qPCR. The results revealed that the transfection efficiency of glioma cell line U87 (91.83%) was superior to that of glioma cell line U251 (69.51%), and the mRNA expression of SHP-1 in U87 cells transfected with si-SHP-1 was significantly lower than that in U251 cells. Thus, the U87 cell line was selected ( Fig. 2A and B) . After the U87 cells were transfected with SHP-1 siRNA and scrambled siRNA for 24 h, the cells were treated with 50 μmol/L VB, and then MTT was used to detect the OD490. Cell survival rate = (OD experiment -OD blank ) / (OD negative control -OD blank ) × 100%. As shown in Fig. 2C , in comparison to the control group, no significant difference was found for the cell survival rate in the DMSO group, while the cell survival rate was much lower in the VB and TMZ groups (p < 0.001). , 100 μmol /L) on U87, A172, T98G, U373, SHG-44, and U251 cells at different times, respectively. Cell survival rate = (OD experiment -OD blank ) / (OD negative control -OD blank ) × 100%. The experimental group was treated with different drug concentrations, the blank control group was a cell-free pure medium group, and the negative control group was a solvent group. Data are presented as the mean ± standard deviation and were assessed using one-way analysis of variance. N = 3. *, p<0.05 compared with the former VB concentration at the same time point; #, p<0.05 compared with the former time point with the same VB concentration. The cell survival rate in the si-SHP-1 + VB group was increased compared with that in the VB group (p < 0.001). The cell survival rate was higher in the si-SHP-1 + VB group than in the scrambled siRNA + VB groups (p < 0.001). These results showed that si-SHP-1 suppressed the inhibitory effect of VB on U87 cell proliferation. The cell survival rate in the TMZ group was elevated compared with that in the VB group (all p = 0.0002). The cell survival rate in the TMZ + VB group was lower than that in the TMZ and VB groups (p < 0.0001), indicating that VB potentiated the anti-proliferation effect of TMZ on U87 cells.
VB induced U87 cell apoptosis
Flow cytometry was adopted to assess the effects of VB on cell apoptosis. As shown in Fig. 3 , the cell apoptosis rate was increased in the VB and TMZ groups compared with that in the control group (p < 0.05). Compared with that in the VB group, the apoptosis rate was lower in the si-SHP-1 + VB group (p < 0.05), while no significant difference was found in the scrambled siRNA + VB group (p > 0.05). Compared with that in the scrambled siRNA + VB group, a decreased apoptosis rate was observed in the si-SHP-1 + VB group (p < 0.05). The data suggested that si-SHP-1 inhibited VB-induced U87 cell apoptosis. The apoptosis rate in the TMZ group was decreased compared with that in the VB group and increased compared with that in the control group (p < 0.05). A higher apoptosis rate was detected in the TMZ + VB group than in the TMZ and VB groups (p < 0.05). These results indicate that VB potentiated TMZ-induced U87 cell apoptosis.
VB inhibited U87 cell migration and invasion
A Transwell assay was applied to evaluate the effects of VB on cell migration and invasion (Fig. 4) . Cell invasion and migration decreased in the VB and TMZ groups (p < 0.05) compared with the levels in the control group. Cell invasion and migration in the si-SHP-1 + VB group increased compared with the levels in the VB group (p < 0.05). No differences in cell invasion and migration were observed between the VB and scrambled siRNA + VB groups (p > 0.05). Compared with the levels in the scrambled siRNA + VB group, increased cell migration and invasion were observed in the si-SHP-1 + VB group (p < 0.05). These results suggested that si-SHP-1 partly suppressed the inhibition of VB on the invasion and migration of U87 cells. The number of migratory and invasive cells in the TMZ group decreased compared with those in the control group but increased compared with those in the VB group (p < 0.05). Elevated migration and invasion were found in the TMZ and VB groups compared with the levels in the TMZ + VB group (p < 0.05). The results demonstrated that VB potentiated the inhibition of TMZ on U87 cell migration and invasion. 
Protein expression of SHP-1, p-STAT3 and STAT3 in U87 cells following transfection
Higher SHP-1 expression and lower p-STAT3 expression were detected in the VB, si-SHP-1 + VB, scrambled siRNA + VB and TMZ + VB groups than in the control group (p < 0.05); there was no difference found between the control group and the TMZ group (p > 0.05). In comparison to the levels in the VB group, SHP-1 expression was reduced and (Fig. 5) . The results showed that transfection of shp-1 siRNA could partially reverse the increase in SHP-1 expression and the decrease in p-STAT3 expression induced by VB.
Xenograft tumor growth in nude mice
The body weight and tumor volume of each group of nude mice were observed. No difference was found in mouse weight among the six groups (Fig. 6A) (p > 0.05) . As shown in Fig. 6B , compared with that in the model group, the volume of the xenograft tumor was decreased in the VB, si-SHP-1 + VB, and scrambled siRNA + VB groups (p < 0.05). In comparison to that in the VB group, the volume of xenograft tumors was elevated in the si-SHP-1 + VB group (p < 0.05). There was no difference between the VB and scrambled siRNA + VB groups (p > 0.05). Compared with that in the scrambled siRNA + VB group, an increased volume of xenograft tumors was observed in the si-SHP-1 + VB group (p < 0.05). These findings provided evidence that VB inhibited xenograft tumor growth.
Expression of SHP-1 and STAT3 signaling pathway-related proteins in xenograft tumor tissue among four groups
The nude mice were sacrificed after the tumor volume was measured 30 days after tumor transplantation, and protein was extracted to detect the expression of related proteins by western blot analysis. Compared with the model group, the VB group had higher SHP-1 expression and lower p-STAT3 expression. Expression of the pro-apoptosis-related protein (Bax, cleaved caspase-3, and cleaved PARP) STAT3 downstream was increased in the VB group, but anti-apoptosis protein (Bcl-2), and cell survival-related protein (survivin) as well as tumor cell migration-related proteins (MMP-2 and MMP-9) were decreased (p > 0.05). Compared with the levels in the scrambled siRNA + VB group, decreased expression levels of SHP-1, Bax, cleaved caspase-3, and cleaved-PAPRP but increased expression levels of p-STAT3, Bcl-2, survivin, MMP-2, and MMP-9 were observed in the si-SHP-1 + VB group (p < 0.05). si-SHP-1 treatment partially reversed the regulation of VB on related proteins. These results indicate that VB inhibits STAT3 phosphorylation by upregulating SHP-1 expression and thus altering STAT3 downstream signaling to influence the biological activity of glioblastoma (Fig. 7) . 
Discussion
Glioblastoma is a highly aggressive brain tumor with a poor prognosis [16] . VB, also known as acteoside, has been described in the literature for its function as a regulator of various biological activities, such as tumor-suppression, antioxidative and antimicrobial activities [17] . However, there is not yet enough information available to predict its role in glioblastoma. This study aimed to investigate the effect of VB on cell proliferation, migration, invasion, and apoptosis in glioblastoma.
We observed increased SHP-1 expression and inhibition of STAT3 phosphorylation in glioblastoma following VB treatment. SHP-1 is a cytoplasmic tyrosine phosphatase. A homozygous mutation of the SHP-1 gene, which leads to complete loss of SHP-1 expression, causes severe dysregulation of leukocyte development and systemic autoimmunity. Loss of SHP-1 has been observed in a proportion of T-cell lymphomas, including the majority of the ALK + ALCL cases, as an indicator of its role in tumor suppression [18] . Moreover, p-STAT may form homo-or heterodimers and transpose into the nucleus, thus stimulating gene transcription. STAT3, as one of the STAT proteins, can be activated by the IL-6 cytokine family, which phosphorylates STAT3 at Tyr705 [19] . Constitutive and inducible activation of STAT3 signaling promotes carcinogenesis in many human cancers such as acute myeloid leukemia. Negative regulators, such as protein tyrosine phosphatase SHP-1, may suppress the activated STAT3 signaling [20] . Additionally, 3 phosphatases, TC45, SHP-1 and SHP-2, are the primary contributory enzymes of UVB-mediated STAT3 dephosphorylation, and this may be a protective mechanism against UV skin carcinogenesis [21] . Moreover, a previous study also revealed that the loss of SHP-1 could lead to the pathogenesis of ALK+ anaplastic largecell lymphoma through enhancement of tyrosine phosphorylation and activation of JAK3/ STAT3 [22] . In line with our study, Han et al. demonstrated that higher levels of SHP1 seen subsequently correlate with substantial decreases in pSTAT3 [23] . Therefore, we inferred a negative relationship between SHP-1 and STAT3 phosphorylation and that these proteins may be involved in glioblastoma.
Following transfection and VB treatment, expression of Bax, cleaved caspase-3, and cleaved PARP were increased in glioblastoma tumor tissues. Expression of Bcl-2, survivin, MMP-2, and MMP-9 were decreased. As cytosolic proteins, Bcl-2 targets the nucleus and inhibits apoptosis with a lipid-anchoring domain, while Bax, one of the members of the Bcl-family, homodimerizes and forms heterodimers with Bcl-2 protein to reduce the antiapoptotic effect of Bcl-2, leading to apoptotic death [24] . As an apoptosis effector enzyme, Caspase-3 is triggered by intrinsic (mitochondria) and extrinsic pathways. Studies show that docosahexaenoic acid activates Caspase-3 and decreases another apoptosis marker, PARP. In the intrinsic apoptosis pathway, Bax translocates to the cell membrane and complexes with Bcl-2, thereby protecting the mitochondrial membrane, which in turn results in release of cytochrome c, ultimately leading to apoptosis [25] . MMP-2 and MMP-9 through leukemic cells may enhance the penetrability of the blood-brain barrier via disrupting endothelial tight junction proteins in the central nervous system (CNS), thereby resulting in invasion of leukemic cells to the CNS in acute leukemia [26] . Sulforaphane, which has antioxidant and antitumor activities and viability inhibition effects, promotes apoptosis of U251 MG cells by increasing annexin V-binding capacity, Bad, Bax, cytochrome C expression and by reducing Bcl-2 and survivin expression, as well as inhibiting invasion in U251 MG cells via upregulating E-cadherin and downregulating MMP-2, MMP-9, and Galectin-3 [27] .
Reduced cell proliferation, percentage of cells in S phase, migration, invasion, and tumor growth/volume are observed following VB administration, but an enhanced percentage of cells in G0/G1 and an increase in apoptosis are also observed. As interferon signaling molecules, JAKs and STATs also signal in response to other cytokines and growth factors, thus regulating various cellular functions such as cell proliferation, apoptosis, and inflammation. The transient activation of the JAK-STAT signaling pathway in ganglioside-stimulated microglia is due to phosphorylation and lipid raft-regulated SHP-2 associated with JAK-2, indicating a regulatory mechanism of SHP-2 in activated microglia [28] . Interestingly, SHP- 2 silencing has been observed to induce increased β-galactosidase staining, significant morphological changes, and a reduced number of cells in the G2/M and S phases, indicating a remarkable inhibitory effect of SHP-2 silencing because of enhanced senescence, not necrosis or apoptosis. SHP-2 may in part advance the growth of glioblastoma cells via inhibiting cellular senescence [29] . In addition, 1'-acetoxychavicol acetate (ACA) may suppress both constitutive and interleukin-6-inducible STAT3 activation, decrease the accumulation of STAT3 in the nucleus and its DNA-binding activity, and upregulate SHP-1, thus inhibiting cancer cell migration and invasion [30] . Therefore, we can infer that SHP-1 and STAT3 may participate in cell proliferation, migration, invasion, and apoptosis in glioblastoma.
Generally, the present study suggests that VB exerts effects on the cell viability of glioblastoma through SHP-1 upregulation to inhibit phosphorylation of STAT3 and to mediate relevant proteins downstream of STAT3. As a conclusion drawn by a previous study, SHP-1 inhibits phosphorylation of STAT3 (a member of the STAT family and a regulator of transcription), to inactivate STAT3 [31] . Furthermore, it is noticeable that concentration and exposure time are considered key factors when utilizing VB. These findings may open novel avenues for future therapies. On the other hand, the shortage of sufficient data from in vivo animal experiments is also noteworthy. In view of the time cycle and funding reasons, this paper does not involve genetically modified animals, which is also our further research direction.
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